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AN IMPROVED METHOD FOR THE DETERMINATION OF
HEXOSAMINE IN RAT SKIN*
PENG-TUNG HSTJ CHENG, Pn.D.
Since EIsoi and Morgan's (1) publication
of eolorimetrie determination of hexosamine
based on aeetylation of this sugar with aeetyl-
acetone and subsequent condensation with
p-dimethylaminobenzaldehyde (Ehrlieh's re-
agent), a number of papers (2—10) have ap-
peared dealing with the improvement of this
method and its extension to protein hydroly-
sates.
The hydrolysis of biological samples is a
function of three factors: acid strength, time
and temperature, depending on the nature of
the substrate. Different investigators (7—8,
11—14) resorted to different sets of coilditions.
For example, the concentration of hydro-
chloric acid which was mostly used for the
hydrolysis varied from 2N to 6N, with time
varying 4—iS hours and temperature 100°—
1100 C.
The conditions for reproducible color de-
velopment ii the determination of hexosamine
require constancy of NaCI and acid concen-
trations in the hydrolysate. To meet these
conditions, exact neutralization procedures
which involved evaporation to dryness, back
titrations, use of NaCI solution and making
up of volumes with distilled water have been
recommended (6—9). It is easy to see that
this is a time-consuming task and subject to
error.
Acetylation of the hydrolyzed sample also
received much attentioi (1, 6—8, 15). Time of
reaction varied from 10 mm. to one hour and
temperature from 89 to 1000 C.
It was the purpose of the present studies,
based on the method of Elson and Morgan, to
establish optimal experimental conditions
giving reproducible results and maximal re-
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covery of hexosamine from rat skin in mini-
mal time. The variables studied included prepa-
ration and amount of the sample, apparatus
for hydrolysis, the amount and concentration
of the acid for hydrolysis, temperature and
time of hydrolysis, and treatment of the
hydrolysate for the final analysis. Other im-
provements in methodology will also be de-
scribed.
MATERIALS AND METHODS
Apparatus and Reagents. L/I Repipets (Lab In-
dustries, Berkeley, Calif.) of different sizes were
used for measuring all reagents.
Pyrex tubes with screw caps fitted with circles
of Teflon to serve as protective lining.
8 ml size 100 >< 13 mm—for hydrolysis
50 ml size 150 >< 25 mm—for hexosamine
determination
Virtis 45 Homogenizer
Vortex Jr. Mixer
Lyophilizer—Thermovac Model FD-2 Freeze
Dryer
Beckman DU or Zeiss PMQ II Speetropho-
tometer, 1 em pyrex cells
Acetylacetone Reagent. Acetylacetone (Fisher
Scientific Co., Reagent grade) was redistilled at
atmospheric pressure (b.p. 138—140° C). The rea-
gent was made according to Svennerholm (8): 4
ml of this compound were dissolved in 100 ml of
1.25 N sodium carbonate solution. This mixture
was prepared freshly each time before use. It was
placed in a 125 ml Erlenmyer flask (T 24/40)
fitted with a 5 ml size repipet for dispensing.
Ehrlich's Reagent. p-Dimethylaminobenzalde-
hyde (Eastman Organic Chemicals Reagent grade)
was purified according to the method of Hutterer
and Singer (16). Ehrlich's reagent was prepared
24 hours before use according to Blix (6). 12.8 g
of the aldehyde were dissolved in 240 ml of 95%
ethanol, and 240 ml of concentrated hydrochloric
acid (sp. gr. 1.18) were added to yield a pale-yellow
clear solution. An appropriate amount of this
reagent necessary for the day's use was kept in
an amber Pyrex reagent bottle (T 24/40) fitted
with a 5 ml repipet and stored in a refrigerator
until use.
D-glucosamine•HC1 Stock Standard Solution.
100 mg of D-glucosamineHCl (Mann Re-
search Lab., Cat. No. 193) were made up to 200 ml
volume with 1.0 N Rd.
Preparation of Sample. Abdominal skin ob-
tained under ether anesthesia from young Charles
River CD strain male rats weighing 228—405 g was
used. After preliminary depilation by surgical
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clippers the skin was excised, stretched out with
hair side up on a soft wood board and shaved
clean. It was then turned over, stretched and
scraped clean of adhering fat, fascia and muscle
with a scalpel blade. After washing with distilled
water, the skin was minced and homogenized for
about 15 minutes with about 3 volumes of distilled
water. The pasty homogenate was lyophilized,
ground into fine fibrous material, and stored in a
freezer. Before analysis, the sample was dried to
constant weight over phosphorus pentoxide in a
desiccator under vacum. The drying took about
24 hours.
Hydrolysis and Neutralization. All determina-
tions were made in duplicate. Two and one half
ml of 4.0 N IIC1 were added to an 8 ml screw-
capped tube containing about 0.05 g skin. After
hydrolysis for 5 hours at 1000 C, either in a water
bath or an air bath, the contents of the tube were
transferred into a 10 ml volumetric flask, together
with rinsings of 5 portions of 1 to 1.5 ml distilled
water. The combined solution was made up to
volume with distilled water. This diluted hydroly—
sate, now 1.0 N with respect to IIC1, was filtered
twice through a dry folded 7 cm Whatman No. 1
filter paper and stored in a screw-capped tube in
the refrigerator.
Two 2 ml aliquots, from each of the filtered
hydrolysates prepared above, were each pipetted
into a 50 ml screw-capped tube using a 2 ml trans-
fer pipet followed by 2 ml of 1.0 N NaOll, using
a repipet to make a total volume of 4 ml. (When
L/I dilutor was used, the diluent was the NaOll
solution.)
Along with the neutralized hydrolysate samples
the following acid solutions in duplicate were simi-
larly neutralized: A blank of 2 ml of 1.0 N IIC1
and 3 to 5 working standards that ranged from 20
to 60 g of D_glucosamine.llCl per 2 ml solution
made from the Stock Standard Solution by dilution
with 1.0 N IIC1.
Acetijiation. The acetylation of hydrolyzed
samples was performed primarily according to
Svennerholm (8). 2 ml of acetylacetone reagent
were pipetted into each tube containing the 4 ml
of neutralized sample solution and the mixture
was thoroughly mixed. The screw caps were turned
tight and the tubes heated for 1 hour in a water
bath at 90—91° C. The tubes were then cooled to
room temperature in a cold water bath and carried
through the following reaction.
Condensation with Ehrlich's Reagent. This
reaction was carried out by following essentially
the procedure of Blix (6). 16 ml of 95% ethanol
were pipetted into each tube containing the acety-
lated solution and the contents were thoroughly
mixed, then an aliciuot of 2 ml of Ehrlich's reagent
was added into the tube and the contents again
mixed. The reaction was allowed to proceed for
one hour, after which the optical densities of the
standards and samples were measured against the
reagent blank in 1 cm cells at 530 mtt (slit width
about .03 mm). ilexosamine values were calculated
by comparing the optical densities of unknowns
with those of standard solutions.
RESULTS AND DISCUSSION
In order to allow comparison of hexosamine
content between skins from different rats on a
dry weight basis, thorough drying of the
samples was undertaken. Homogenization of
the skin ensured representative sampling and
complete hydrolysis. During the final 24 hour
drying over P205, the samples (previously
homogenized and lyophilized) lost 2 to 4
percent water.
The use of the screw-capped tubes for hy-
drolysis is not only economical, easy and fast
to operate but also gives as accurate and re-
producible results as do sealed glass tubes
(17). The slight build-up of pressure inside the
screw—capped tubes during heating was also
conducive to complete hydrolysis. The use of
tubes or volumetric flasks with ground-glass
stoppers for hydrolysis (7, 13, 18—19) was
found to entail low yield even when rubber
bands were used to fasten the stopper. Ap-
parently loss of acid and/or material was the
cause. Definite volumes of standardized acid
and alkali solutions were employed in pref-
erence to an exact neutralization procedure,
which usually involves evaporation to dryness,
back titrations, use of NaCI solution, and
making up of volumes with distilled water (6—
9).
The variation of acidity in the neutralized
solutions was found to lie within one drop of
either 1.0 HCI or NaOH using phenolphthalein
indicator, and this never affected the final
absorbance reading. This was explicable as
follows: there was always an excess of acid in
the Ehrlich's Reagent to be used later in the
analysis and the concentration of NaCI re-
sulting from the neutralization reaction was the
sole factor (7, 8) that affected absorbarice at
530 mp..
The use of 1.0 HCI instead of distilled water
as a solvent for making the Stock Standard
Solution not only offered the advantages indi-
cated above but also retarded bacterial growth.
Finally, extensive use of repipets, greatly
simplified laboratory operation and was time
saving. The repipets possess good repro-
ducibility and accuracy and obviate frequent
cleaning and contamination.
The parameters of acid strength, temperature
and length of time for hydrolysis were care-
fully studied for our substrate tissue. Different
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acid concentrations were used by Boas (7)
for different tissues. He hydrolyzed connective
tissue with 4 N HC1 at 1000 C for 15 hours
and buck and Jacob (20) hydrolyzed rat
skin with the same acid and temperature for
8.5 hours. Because their sample preparation
differed, various investigators used different
hydrolysis conditions. Aas (11) hydrolyzed
gingival tissue powder with 4 N HC1 for 18
hours at 1100 C in a sealed tube. Svejcar et al.
(12) hydrolyzed connective tissue with 6 N
HC1 for 4 hours at 1050 C. In the present
study 4N and 6 N HC1 were used to hydrolyze
the skin sample for 22 hours at 1100 C. Table
I shows that 4 N HC1 gives higher recovery.
The data in Table II indicate 1000 C is the
preferred temperature. In regard to time Table
III shows that 5 hours suffice to give satis-
factory hydrolysis.
TABLE I
Hexosarnine values* (MM/u) of rat skin hydrolyzed
with 4 N and 6 N HUt at 1100U for fl hours
Animal body wt. (g)j 4N HC1 6 N HC1
370 14.47
14.61
12.20
12.10
405 15.50
15.74
13.29
13.52
356 12.29
12.29
10.39
10.69
* These values are for illustration only. They
differ from those obtained in normal animals be-
cause the treatment these rats received changed
the chemical composition of skin.
TABLE II
Hexosamine values* (aM/u) of rat skin hydrolyzed
with 4 N HU1 at 100° U and 110° Ufor 22 hours
Animal body wt. (g) 1000 C 1100 C
370 16.52 14.47
16.92 14.61
TABLE III
Hexosamine values* (pM/g) of rat skin hydrolyzed
with 4 N HU1 at 1000 U
Animal body
wt. (g) 5 hrs 10 hrs 14 hrs 16 hrs 22 hrs
405 17.82
18.06
17.70
17.94
17.70
18.06
17.44
17.94
17.44
17.82
321 18.97
18.27
18.73
17.80
18.97
18.27
18.73
18.03
18.50
18.03
The finding was further supported by glucos-
amine HC1 recovery studies as indicated in
Table IV with (a) skin plus glucosamineHCl
and (b) skin alone hydrolyzed with 4 N HC1
at 1000 C. A recovery of 100 1% glucosa-
mineS HC1 was obtained.
The fact that the skin hexosamine values
remained essentially the same without destruc-
tion irrespective of the length of time of
hydrolysis, as indicated in Table III, calls for
closer examination of the hydrolysis process.
The fate of glucosamine .HC1 standard was
studied under the hydrolysis conditions using
4 N HC1 at 1000 C. The results (Table V)
showed that while there was practically no
loss of this amino sugar at S hours, there
was about 6—8% destruction at 22 hours.
The constancy of skin hexosamine values in
Table III suggested that the tissue hydrolysate
might be protecting the released hexosamine
from acid degradation. To test this hypothe-
sis, a glucosarnine .HC1 recovery experiment
was repeated: with (a) skin plus glucosa-
niine HC1, and (b) skin alone, respectively
hydrolyzed with 4 N HC1 at 1000 C for 22
hours.
The results in Table VI indicate that the
recovery was again 100 1%. To sum up
the results presented in Tables IV to VI: 6—
8% of preadded glucosamine in the absence of
hydrolysate, was destroyed after 22 hours; but
in the presence of hydrolysate its recovery was
100 1%. It is clear, therefore, that the hy-
drolysate had a protective action on the
hexosamine in solution under these conditions.
While the exact mechanism of this protection
is not understood, the buffering action of
proteins against strong acid here may be dis-
missed, since the amount of tissue used is small
* See Footnote Table I.
405
356
17.44
17.82
14.00
13.65
15.50
15.74
12.29
12.20
* See Footnote Table I.
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Optical density (at 530 nij) of nhydrolyzed and hydrolyzed glucosarnine .HC1 (30 pg) with 4 N HC1 at 1000 C
for 5 hours and for 22 honrs (values are mean SE.)
Hydrolyzed
5 Hours 22 Hours
OD. % Destruction O.D. % Destruction
0106 12 X 10 0.3 0.1 .009 5 x io— 7.0 0.3
TABLE VI
Recovery of giucosainine•HC1 from mixture with rat
skin after hydrolysis with 4 N HC1 at 1000 C
for 2 hours
Optical density at 530 m
and all the solutions in Tables IV to VI had
the same pH (1.3) after hydrolysis. It is
possible that some hydrolyzed, or partially
hydrolyzed substance, and not the amino acids,
in the hvdrolysate protects liexosarnine against
partial destruction by complexing with it or
by other action, depending on the severity of
hydrolyzing conditions. The binding action,
for example, of a sulfate ion with an amino
group of the sugar is not inconceivable.
An examination of the effect of acid strength
on hydrolysis by comparing 2 N HCI with
4 N HCI, at the preferred temperature of
1000 C and reaction time of 5 hours, re-
TABLE IV
Recovery of glucosarnineHClfrorn mixture with rat
skin after hydrolysis with 4 N HC1 at 1000C
for 5 hour.s
Optical density at 530 m
Sample no.
Sample no.
2
3
4
5
(3
8
Skin +
glucos-
amine HCI
(30 g)
.231
.226
.229
.220
.217
.221
.219
.225
Skin
.124
.121
.125
.114
.111
.113
.125
.120
Unhydro-
lyzed
glucos-
amine HCI
(30 g)
.108
.105
.105
.105
.105
.109
.104
.105
%
Glucosamine
recovery
99.1
100.0
99.1
101.0
101.0
99.1
100.0
100.0
Skin +
glucos-
amine HCI
(30kg)
.224
.228
.250
.251
.229
228
235
226
1
2
3
4
5
6
7
8
Skin
.118
.120
.144
.141
.122
.119
.125
.122
Unhydro-
lyzed
glucos-
amheHCl
(30 g)
.105
.109
.105
.109
.108
.109
.109
.104
Notes: See footnotes under Table IV.
vealed that 2 N HC1 failed to effect comp1etc
Glucosamine hydrolysis, as shown in Table VII. To overcome
recovery this shortcoming, it would seem necessary to
resort to a longer time of hydrolysis. Indeed,
Svennerholm (8) and Worm-Peterson (14)
101.0 used 16 hours for human brain tissue and
99.1 Murray et al. (13) have used 15 hours for
101.0 rat skin at this acid concentration and tern-
100.9 perature. In our study, however, even 22
99.1 hours was found short of the goal under these100.0
conditions, as evidenced by the results shown100.9
100.0 in Table VII.
_______
Thus for the determination of hexosamine
Notes: the present studies show the optrnal hydroly-
1. The skirs used were randomly selected sis of lyophilized rat skin to he 4 N HCI at
samples irrespective of age. 1000 C for 5 hours
2. Each O.D. reading is average of duplicate The use of cation exchange resins (Dowex
sample readings.
3. Glucosamine recovery = O.D. (skin + 50) in the measurement of hexosamine was
glucosaminieHCI)----O.D. Skin/O.D. glucosarnine proposed by Boas (7), because of interfering
HCI (unhydrolyzed). colors with absorption maxima at 530 rn
TABLE V
No. determi-
nations Unhydrolyzed O.D.
11 0.107 8 >< 10
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TABLE VII
Hexo.amine values* (pM/g) of r& 8km hydrolyzed with 4 N HC1 for 5 hours and 2 N HC1 for 5, 10, 16 and
22 hours a! 100° C (valve are meaa SE.)
5 hrs. 10 hrs. 16 hrs. 22 hrs.
22.43 0.29
18.85 0.37 18.95 0.48 18.85 0.36
* See Footnote Table I. However, animals used in Expt. B received different treatment from animals
in Expt. A. In parenthesis is the no. of animals.
Wavelength , mj.
Fia. 1. Absorption spectra of rat skill hydroly-
sates in heosamine determination at 1000 C for
5 hours.
and 560 to 570 mi in different rat tissies in-
cluding the skin. However, this was found un-
necessary in oir studies, shice our solutions
showed oiiiy one absorbance peak at 530 m
(Figs. 1 aid 2). The disagreement apparently
may be attributed to the differences in sample
preparation and hydrolysis conditioiis. It
was also found that the recovery of hexosa-
mine was lower than 90% when a column of
this resin was used.
Although it is suggested iii the present pro-
cedure that acetylacetone reagent should be
prepared immediately before use, this reagent
Wavelength , m/.L
Fic. 2. Absorption spectra from mixture of rat
skin with glucosarnineHCl after hydrolysis with
4 N HC1 at 1000 C for 22 hours.
was foind to be stable for at least 2 days,
provided it was kept under refrigeration.
The temperature for acetylation has been
studied by several authors. Elson and Morgan
(1) used 100° C for 15 minutes. Belcher
et al. (15) used the same temperature for 10
minutes. Blix (6), 96° C for 20 minutes;
Boas (7), 89—92° C for 45 minutes; and
Svennerholmn (8), 90° C for 1 hour. In our
No of
determi-
nations
Animal body
wt. (g)Expi.
A
(3)
B
(4)
2 N HC1
4 N HC1 5 hrs.
24.91 + 0.31
21.34 + 0.42
6 294±9
8 272±9
.08
ci)
C.)
.06
.04
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laboratory the reaction was conducted at
900 C for 1 hour although, by our actual ex-
perirnents, it was found that the same result
was obtained at temperatures of 85°, 900, 93°
and 100° C for the same length of time. The
optical density of the reagent blank did have
a lower reading at 1000 C than at the other
lower temperatures but the results were un-
affected.
Ehrlich's reagent, when stored in refrigerator,
was found to be stable for two months instead
of one month as generally believed. It was
also noted that when either 20 ml or 16 ml
95% ethanol were used in tile condensation
reaction with this reagent, the values of
hexosarnine remained practically unchanged.
This result is in agreement with the observa-
tion made by Belcher et al. (15), who found
that the amount of ethanol added was not
critical above a certain concentration in the
solution.
Wiule studying the absorption maxima of
glucosarnineHCI standard solutions at dif-
ferent concentrations, it was noted that the
maxima began to shift from 530 mj to the
longer wave-length of 540 mj when the ab-
sorbance reached about 0.28 (Fig. 3). In order
to maintain the absorption readings at the same
maximal wavelengths, the amount of the sample
was always chosen such as to give an ab-
sorhance value of lower than 0.28 (actually
between 0.07 and 0.23, corresponding to 20
to 60 pg of glucosarninellCl), the range in
which Beer's law was obeyed.
SUMMARY
A dry homogenous sample of rat skin allow-
ing complete hydrolysis and comparison of
results on a dry weight basis has been pre-
pared by homogenization and lyophilization
followed by drying over phosphorus pentoxide
under vacuum.
Complicationis involved in back titration of
acid-hydrolyzed solutions have been reduced by
using definite volumes of standardized acid and
alkali. Standardized acid solution was used
for making standard glucosamine hydrochloride
solutions. These and other modifications assisted
by improved methodology cut the overall oper-
ation time by over 50% and greatly reduced
possible sources of error, and increased ac-
curacy.
490 510 530 550 570
Wavelength , m,s
Fic. 3. Absorption spectra of glucosamine-HC1
of different concentrations.
The optimal conditions for hydrolysis,
acetylation, and condensation reactions aiid
the optimal amount of sample were determined.
For hydrolysis of prepared skin: 4 N HCI at
100° C for 5 hours; under these conditions,
pure glucosamine-HCI showed 100 1% of
recovery. Acetylation: at 90° C for 1 hour.
Condensation: at room temperature for 1
hour. Weight of sample should be such that
the absorbance value of the final solution is
lower than 0.28.
Additionally, the hydrolysate was found to
protect the hexosamine released by the hy-
drolyzing acid against degradation. In the
presence of hydrolysate, preadded glucosamine
had a recovery of 100 1% after hydrolysis
with 4 N HCI at 100° C for an extended
period of 22 hours; in the absence of hydroly-
sate, 6—8% glucosarnine was destroyed. Some
possible mechanisms of protection are discussed.
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